The occurrence of acute hemolytic anemia in patients receiving certain sulfonamide compounds (1) has been the subject of numerous reports. The mechanism responsible for the development of the anemia is unknown. However, it has been shown by Brownlee (2) , Rimington (3) , and Rimington and Hemmings (4) that many of the sulfonamide drugs derange the metabolism of pigments associated with blood formation and destruction. Rimington has emphasized the fact that many of these compounds are capable of being oxidized to hydroxylamine and suggests that this oxidation product may be responsible for the breakdown of red blood cells which occasionally follows the administration of the sulfonamide group of chemicals.
During the course of administration of sulfapyridine to patients with pneumonia, acute hemolytic anemia was observed and, consequently, a study of the incidence of hemolysis following administration of the drug was undertaken.
It has been shown by a number of investigators that the estimation of the total urinary and fecal excretion of urobilinogen may be, used in human beings as an index of hemolysis. By this technique increases in the rate of hemolysis may be observed which might escape detection if routine clinical procedures only are used. It should be emphasized, however, that the total urinary and fecal excretion of urobilinogen must be determined if an index of the rate of blood destruction is to be obtained. Estimation of urinary urobilinogen alone does not yield this information since the greater portion of urobilinogen is normally excreted in the feces. Elevation of urinary urobilinogen values represents only the increased amount of pigment diverted from the feces to the urine, such as may occur in the presence of hepatic insufficiency or during very rapid hemolysis. The content of urobilinogen in the feces and urine varies considerably in normal patients. Watson has stated that occasionally a normal individual may excrete as much as 250 mgm. of urobilinogen per day in the stools. Values as high as this were not encountered in the study of 26 normal individuals made in this laboratory. Total stool collections were made for 3-or 9-day periods and the urobilinogen output was found to vary from 75 mgm. to 150 mgm. a day. The urobilinogen excretion in the urine varied from 0.0 mgm. to less than 2 mgm. a day. These figures are in close agreement with those of Watson.
The present study deals primarily with the total urinary and fecal excretion of urobilinogen by 26 patients with pneumonia, of whom 20 were treated with sulfapyridine. The remaining 6 patients did not receive this drug.
METHODS
Estimation of urobilinogen in stools and urine. The Watson-Terwen method (5) was used for the estimation of urinary and fecal urobilinogen. Stools and urine were collected over 3-day periods and kept in the icebox.
Determination of the urobilinogen content was performed on the day following each 3-day period. Most of the patients were given milk of magnesia to ensure a daily defecation and occasionally tap water enemata were used. Diarrhea was not present in any instance. Of the 8 patients included in this group, 6 suffered from pneumococcal pneumonia. In 1 patient the etiological agent was not determined and in 1 pneumonia and empyema were due to a strain of non-hemolytic streptococcus. In the latter patient death occurred 2 months after the present studies were completed and was due to multiple brain abscesses which developed at a time when convalescence from the primary disease process was well established. Non-hemolytic streptococci were recovered from the abscesses.
The highest daily excretion of urobilinogen in patients' feces in Group III varied from 272 mgm. to 891 mgm.; these levels are well above those established as normal. The duration of increased urobilinogen output was from 3 to 20 days. In 4 patients the increased excretion lasted for 10, 14, 16, and 20 days, respectively. The highest urinary urobilinogen excretion varied between 0.42 mgm. and 11.5 mgm. per day. The total dosage of sulfapyridine varied between 12.0 grams and 81.0 grams; however, the patient receiving the smallest dose was given 10.0 grams of sulfanilamide in addition. The average blood levels of free sulfapyridine were between 3.0 and 11.0 mgm. per cent. Two patients received unconcentrated Type III antipneumococcal rabbit serum as complementary treatment.
Three patients of this group developed acute hemolytic anemia. In 2, the total dosage of sulfapyridine was high-78.0 and 81.0 grams, respectively. In the third patient the output of urine diminished sharply the day after sulfapyridine therapy was begun. Acute azotemia occurred with the development of oliguria, and this was associated with high blood levels of sulfapyridine which were maintained for several days despite Treatment with sulfapyridine was begun 2 hours after admission and was continued for 11 days, a total of 81.0 grams being given. The blood level of sulfapyridine was determined frequently and found to vary considerably. The highest blood level recorded was 7.7 mgm. per cent of the free drug on the third day of treatment, and during the last 4 days the blood level varied between 2 and 4 mgm. per cent. Persistence of fever and acute signs and symptoms were associated with the development of a lung abscess in the left upper lobe, which became obvious as the surrounding acute pneumonic process resolved.
On the sixth day of drug therapy a fine macular skin rash appeared. This was confined mainly to the trunk and upper extremities and did not cause itching. The rash gradually faded and was not noted after the eleventh day.
During the course of treatment a moderate decline in hemoglobin values occurred, but on the eleventh day the patient was noticeably paler. The hemoglobin had fallen to 62 per cent and the red blood count to 3,040,000; white blood cells numbered 12,800; reticulocytes 3.2 per cent; hematocrit 29. At this time the average daily excretion of urobilinogen in the stool was 560 mgm. while that in the urine averaged 0.99 mgm. Transfusion was not considered necessary. The liver was not enlarged and there was no impairment of hepatic function, as measured by sodium benzoate excretion and bilirubin retention tests. Two weeks after the administration of the drug had been discontinued the hemoglobin level had risen to 74 per cent; red blood cells numbered 3,440,000; white blood cells 10,000; reticulocytes 1.4 per cent; hematocrit 31. At this time the urobilinogen excretion in the urine was 0.40 mgm. per day, and in the feces 74.5 mgm. Convalescence was much delayed due to the lung abscess which complicated the pneumonic process. Six weeks after admission the blood examination showed hemoglobin 86 per cent, red blood cells 4,320,000, white blood cells 10,300 and hematocrit 33.5.
Case 26 (Figure 4) . A white female, aged 25, was admitted to the hospital on the eighth day following the onset of Type III pneumococcal pneumonia. Her past history was non-contributory. Consolidation of the right middle, right lower, and left upper pulmonary lobes was present. Temperature was 104.20, pulse rate 132, respiratory rate 40. Blood cultures were sterile throughout the illness. Red blood cells numbered 3,790,000, hemoglobin level 74 per cent, leukocytes 21,450; urinalysis showed no abnormality; blood pressure was 112 systolic, 66 diastolic.
Twenty-five grams of sulfapyridine were given by mouth during the first 4 days following admission. Nausea and vomiting occurred and were fairly severe. The free sulfapyridine level in the blood was 12.6 mgm. per cent 36 hours after drug therapy was begun. This was associated with a marked diminution in the volume of urine. The patient's temperature and pulse rate fell to normal on the day following admission and agglutinins for pneumococcus Type III were demonstrable in her blood serum. The skin reaction to the Type III polysaccharide was positive at this time. Five days after discontinuing the administration of sulfapyridine, the blood level of the free drug was 1.0 mgm. per cent, and in the urine the level was 12.4 mgm. per cent, indicating delayed excretion. The output of urine on this day was only 300 cc. The blood urea nitrogen was 61.0 mgm. per cent. Two days later the blood urea nitrogen level had fallen to 33.6 mgm. per cent and kidney function was 62 per cent of normal, as measured by the urea clearance test.
On the eleventh hospital day, urea clearance test showed 55 per cent of normal function; 1.4 grams of protein were excreted in the urine in 24 hours, and large numbers of granular casts were present. Centrifuged specimens showed only 2 to 4 red cells per high power field. The blood pressure was 162/92. Edema of the face and extremities was present.
During the 4 days on which sulfapyridine was given the urobilinogen excretion in the feces averaged 400 mgm. daily; in the urine 0.2 mgm. per day. The blood.examination showed practically the same findings as on admission. During the 3 days immediately following the cessation of drug therapy, the urobilinogen excretion in the feces declined to an average of 196 mgm. daily; in the urine to 0.5 mgm. By the twelfth hospital day the red blood cell count had fallen to 2,000,000, with a hemoglobin of 50 per cent; the fecal urobilinogen excretion was 132 mgm. daily. A transfusion of 500 cc. of whole uncitrated blood was given. Two days later the red blood cells numbered 3,350,000, leukocytes 20,000, and the hemoglobin 66 per cent. Urobilinogen excretion in the feces coIntinued to fall to a level of 114 mgm. daily. Diminution in urinary output persisted for 20 days and was followed by a period of diuresis. Four weeks after onset of the renal complication kidney function had risen to 90 per cent of normal, as measured by the urea clearance test, but the urine continued to show a trace of albumin and a few granular casts for another month. On discharge 4 months after admission, the urea clearance test showed renal function to be 96 per cent of normal, and urinalysis showed no abnormality. Blood pressure was 128/78. The red blood cell count was 4,800,000; hemoglobin 96 per cent.
Cases 19 and 20 received large doses of sulfapyridine during periods of 10 and 11 days, the total dosage being 78 and 81 grams, respectively. Administration of the drug was prolonged in both instances because of the continuation of the acute disease; in Case 19 spread of the pneumonic con-solidation occurred, and in Case 20 the acute process persisted in association with the development of a lung abscess. The blood levels of sulfapyridine are of interest in both of these patients. In Case 19 the maximum reached was 19.05 mgm. of the free drug per 100 cc. of blood on the third day of treatment. During the last 5 days of treatment the level declined from 12.6 mgm. per cent to 3.4 mgm. per cent. In Case 20 the highest blood level was 7.7 mgm. per cent and for the last 5 days of treatment it varied between 4.0 and 2.0 mgm. per cent. In Case 19 no signs of drug toxicity appeared other than acute hemolytic anemia. Despite the large dosage of sulfapyridine nausea did not occur, and there was no obvious increase in cyanosis. Case 20 suffered from severe nausea and vomiting during the whole course of drug therapy and between the sixth and eleventh days of treatment a fairly generalized macular skin rash was present.
Case 26 received much less sulfapyridine than either of the above patients-25 grams over a 4-day period. However, abnormally high levels of the free drug occurred in the blood and the excretion was delayed in association with marked oliguria.
Case 19 showed the most severe anemia of the 3 and the highest daily excretion of urobilinogen in the stools. Likewise, the reticulocyte response was most marked in this case.
In all 3 patients who developed anemia the greatest depression of hemoglobin occurred about the twelfth day after the initial administration of sulfapyridine, regardless of dosage. The significance of this fact is not clear.
DISCUSSION
The widespread use of sulfapyridine in the treatment of pneumococcal pneumonia and other diseases has made a knowledge of its toxic effects important. The purpose of this communication is to present evidence for the occurrence of increased hemolysis associated with the administration of sulfapyridine. An abnormally increased excretion of urobilinogen was noted in 8 of the 20 patients who received the drug and 3 of this group of 8 developed a severe degree of hemolytic anemia.
A correlation between the increased excretion of urobilinogen and the dosage of sulfapyridine cannot be made. However, in 2 of the patients who developed anemia a relatively high concentration of the drug in the blood was maintained for several days; in 1 by large oral dosages of sulfapyridine and in the second because of slow excretion presumably due to poor renal function.
The pneumonic process itself is apparently not responsible for increased erythrocyte destruction. The 6 patients of Group I who did not receive sulfapyridine, and the 12 of Group II who were treated with the drug, excreted normal amounts of urobilinogen even though suffering from acute febrile disease. However, the 8 patients of Group III who received the drug, excreted amounts of urobilinogen well above the limits of normal. Two patients in whom urobilinogen excretion was increased during the administration of sulfapyridine later excreted normal amounts when drug therapy was discontinued, even though acute febrile disease persisted.
The reason for increased hemolysis incident to the administration of sulfonamide compounds is not known. It is possible that certain patients vary in their susceptibility either to the sulfonamide compound itself or to one of the derivatives formed within the body. It is likewise possible that certain patients may convert more of the sulfonamide compound into hemolytic products than others, or else fail to detoxify and eliminate these products rapidly enough to prevent increased hemolysis.
SUMMARY
The excretion of urobilinogen in feces and urine has been measured in 26 patients with pneumonia, 20 of whom received sulfapyridine.
In 18 patients the excretion of urobilinogen was within normal limits. Twelve patients were treated with sulfapyridine and 6 did not receive the drug.
Eight patients who received sulfapyridine excreted increased amounts of urobilinogen. Hemolytic anemia occurred in 3 of these.
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